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INHIBITORS OF XYLANOLYTIC AND P - GLUCANOLYT1C ENZYMES 

Field of th e invention 

10 This invention relates to an inhibitor of 

xylanolytic and/or p-glucanolytic enzymes (sometimes also 
referred to as pentosanases and/or hemi-cellulases) 
especially an inhibitor of pentosan degrading enzymes such 
as endoxylanase (EC: 3.2.1.8), p-xylosidase (EC: 3.2.1.37), 

15 and a- L- arabinof uranos idase (EC: 3.2.1.55), to inhibitors 
of p-glucanase (EC: 3.2.3.73), and to inhibitors of other 
xylan, arabinoxylan and p-glucan degrading enzymes, which 
are present in micro-organisms, plants, plant materials or 
fractions thereof, (such as cereals, cereal grains, cereal 

20 flours or fractions thereof) . 

The present invention is also related to a 
method for obtaining said inhibitor, as well as to the use 
of said inhibitor in different areas of food, feed and/or 
beverage technologies, such as malting and brewing, the 

25 production of animal feedstuffs such as to increase their 
conversion, the production of baked and/or extruded cereal 
products such as straight dough, sponge and dough and 
Chorleywood breads, breakfast cereals, different types of 
biscuits, pasta and noodles, the . production of starch 

30 derived syrups, sorbitol, xylose and/or xylitol, the wheat 
gluten-starch separation industry, maize processing, the 
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improvement of plant disease resistance, in nutraceutical 
or pharmaceutical applications such as maintaining the 
structure of dietary fiber material, and in the field of 
paper and pulp technologies . 

5 

Background of the invention 

Apart from barley malt, unmalted cereals such 
as wheat are commonly used in beer production (Pierce, 
J.S., Proceedings of the European Brewery Convention 
10 Congress, Madrid, 1987, 445) . Unmalted wheat (40-50%) is 
e.g. used for the production of Belgian white (wheat) 
beers . 

Although barley and wheat endosperm cell 
walls contain 20 and 70% (w/w) arabinoxylan respectively 

15 (Ballance, G.M., & Manners, D.J., Carbohydrate Research, 
1978, 61,107; Fincher, G.B., & Stone, B.A. In: Advances in 
Cereal Sciences and Technology, Vol. VIII. Y. Pomeranz, 
(Ed), Am. Assoc. Cereal Chem. , St. Paul (MN) , 1986, 207), 
their total arabinoxylan content is comparable, i.e. 2.8 to 

20 7.1% (w/w) for barley and 3.6 to 7.1% (w/w) for wheat 
(Henry, J . , Journal of the Science of Food and Agriculture, 
1985, 36, 1243; Hashimoto, S., Shogren, M.D. & Pomeranz,- 
Y., Cereal Chemistry, 1987, 64, 30). 

The grains also contain comparable levels of 

25 water-extractable arabinoxylan, i.e. 0.24 to 0.80% (w/w) 
for barley and 0.25 to 1.18% for wheat (Henry, J., Journal 
of the Science of Food and Agriculture, 1985, 36, 1243; 
Hashimoto, S., Shogren, M.D. & Pomeranz, Y., Cereal 
Chemistry, 1987, 64, 30; Aman, P., & Hesselman, K. , Swedish 

3 0 Journal of Agricultural Research, 1984, 14, 135; Girhammer, 
U. , & Nair, B.M., Food Hydrocolloids , 1992, 6, 285). 
Furthermore, barley and wheat endosperm cell walls contain 



70 and 20% p-glucan respectively (Ballance, G.M. , & 
Manners , D . J . , Carbohydra te Research , 1978, 61,107; 
Fincher, G.B., & Stone, B.A. In: Advances in Cereal 
Sciences and Technology, Vol. VIII. Y. Pomeranz, (Ed), Am. 
Assoc. Cereal Chem. , St. Paul (MN) , 1986, 207). 

Barley grains contain 1.7 to 4.1% (w/w) 
water-extractable and 3.6 to 6.4% (w/w) total p-glucan 
(Anderson, M.A., Cook, J. A., & Stone, B.A. , Journal of the 
Institute of Brewing, 1978, 84, 233-239; Henry, J., Journal 
of the Science of Food and Agriculture, 1985, 36, 1243) . 
Wheat grains contain 0.1 to 0.8% (w/w) water-extractable 
and 0.6 to 1.4% (w/w) total P-glucan (Anderson, M.A., Cook, 
J. A., & Stone, B.A., Journal of the Institute of Brewing, 
1978, 84, 233-239; Henry, J., Journal of the Science of 
Food and Agriculture, 1985, 36, 1243) . As in wheat only low 
levels of arabinoxylan (Cleemput, G., Bleukx, W., van Oort, 
M., Hessing, M. & Delcour, J. A., Journal of Cereal Science, 
1995, 22, 13 9) and P-glucan degrading enzyme activities can 
be measured, the barley malt must be mostly responsible for 
wheat and malt arabinoxylan and p-glucan hydrolysis during 
brewing . 

Efficient hydrolysis of arabinoxylans and p- 
glucan is important because such compounds can be involved 
in production problems such as wort viscosity (Ducroo, P. & 
Frelon, P.G., Proceedings of the European Brewery 
Convention Congress, Zurich, 1989, 445; Vietor, R.J. & 
Voragen, A.G.J. , Journal of the Institute of Brewing, 1993, 
99, 243) and f ilterability and haze formation (Coote, N. & 
Kirsop, B.H. 1976., Journal of the Institute of Brewing, 
1976, 82, 34; Izawa, M. , Kano, Y. & Kanimura, M. 1991. 
Proceedings Aviamore Conference on Malting, Erewi zg and 
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Distillling, 1990, 427) . 

In other areas efficient hydrolysis of xylans 
and/or arabinoxylans is highly desirable as well. Examples 
include rye and wheat breadmaking processes, paper and pulp 
5 technologies. It follows that a lot of research efforts 
have been devoted to the (potential) applications of xylan 
and/or arabinoxylan hydrolysis enzymes due to their 
applications as described above. 

10 Summary of the invention 

The present invention concerns an inhibitor 
of xylanolytic and/or p-glucanolytic enzymes, preferably an 
inhibitor of endoxylanase, of p-glucanase, of p-xylosidase, 
of cc-L-arabinofuranosidase, and of other xylan, 

15 arabinoxylan and p-glucan degrading enzymes preferably 
obtained from micro-organisms, plants, plant materials or 
fractions thereof (such as cereals, cereal grains, cereal 
flours or fractions thereof) . 

"An inhibitor of an enzyme" means a molecule 

20 which is able to inhibit partially or totally the activity 
of said enzyme. In irreversible inhibition, the inhibitor 
is covalently linked to the enzyme or bound so tightly that 
its dissociation from the enzyme is very slow. In this 
case, the inhibitor usually mimicks the normal substrate of 

25 said enzyme in a cross-linking reaction. In contrast, 
reversible inhibition may be characterised by a rapid 
equilibrium between the enzyme and the inhibitor. A 
competitive inhibitor prevents the substrate from binding 
to the active site and may reduce the reaction rate by 

3 0 diminishing the proportion of enzyme molecules that are 
bound to substrate. In non-competitive inhibition, the 
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inhibitor may decrease the turnover number. Competitive 
inhibition can be distinguished from non- competitive 
inhibition by determining whether the inhibition can be 
overcome by raising the substrate concentration. 
5 Advantageously the inhibitor of the invention 

can be produced by micro-organisms or may be present in 
various extraction media from micro-organisms or plant 
material, such as cereals or fractions thereof, such as 
cereal grains or fractions thereof, such as cereal flours 

10 or fractions thereof, such as from wheat, durum wheat, rye, 
triticale, barley, sorghum, oats, maize and/or rice. 
According to a preferred embodiment of the present 
invention, the inhibitor is a xylanase inhibitor which is 
typically water-soluble alkaline proteinaceous species, 

15 having a pi (i.e. -log of the isoelectric point) of greater 
than about 7.0. The xylanase inhibitor molecular weight as 
determined by SDS-page is typically 40-43 kDa . The N- 
terminal sequence of the protein or glycoprotein has not 
been described until now and is typically as follows: SEQ 

20 ID No. 1: Lys-Gly-Leu-Pro-Val-Leu-Ala-Pro-Val-Thr-Lys-Xaa- 
Thr-Ala, wherein Xaa being preferably Asp. 

Therefore, the present invention is also 
re l at ed to an inhibitor being a protein or glycoprotein 
having a marker which amino acid sequence has more than 7 0% 

25 homology, preferably more than 85% homology, more 
preferably is identical with SEQ ID No. 1. 

Advantageously, said marker is the end- 
terminal amino acid sequence of the protein or 
glycoprotein. 

3 0 According to the invention, a marker of a 

protein or glycoprotein means a specific amino acid 
sequence (or its corresponding nucleotide acid sequence) 
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that is able to distinguish one protein family from another 
protein family. 

The inhibitory effect towards xylan and/or 
arabinoxylan hydrolysing enzymes can be e.g. demonstrated 
5 by the endoxylanase method with AZCL arabinoxylan (cfr. 
infra) . Likewise, the inhibitory effect towards p-glucan 
hydrolysing enzymes can be e.g. demonstrated by the P~ 
glucanase method with AZCL P-glucan (cfr. infra) . 

The invention also relates to a method for 

10 obtaining said inhibitor from a micro-organism, such as a 
genetically modified micro-organism which expresses said 
inhibitors, from a plant, or from a plant material such as 
cereals, cereal grains, cereal flours or fractions 
thereof), by subjecting said plant, said plant material 

15 and/or said micro-organism to one or more extraction and/or 
fractionation steps . 

Another aspect of the present invention is 
related to a method for genetically transforming a micro- 
organism, a plant or a plant material in order to obtain 

20 the expression of the inhibitor according to the invention 
wherein the micro-organism, the plant or plant material is 
genetically modified by the introduction of a genetic 
material encoding said inhibitor into the micro-organism, 
the plant or plant material and obtain its translation and 

25 expression by genetic engineering methods well known by the 
man skilled in the art. 

The invention furthermore relates to 
processes aiming at changing, preferably reducing or 
increasing level of said inhibitor in a micro-organism, a 

3 0 plant or a plant material, by reducing or increasing the 
expression of said inhibitor, by the methods well known by 
the man skilled in the art and/or by using molecules which 



are able to block the inhibitor activity or activate said 
inhibitor. 

The invention furthermore relates to the 
obtained inhibitor, micro-organism, plant, plant material, 
and/or fractions thereof and to their use in different 
areas of food, feed and/or beverage technologies, such as 
improving malting and brewing, improving animal feeds tuffs 
efficiency, baked and/or extruded cereal products (such as 
straight dough, sponge and dough and Chorleywood breads, 
breakfast cereals, different types of biscuits, pasta and 
noodles) , improving the production of starch derived 
syrups, sorbitol, xylose and/or xylitol, improving wheat 
gluten- starch separation and production, maize processing, 
improving plant disease resistance, improving nutraceutical 
or pharmaceutical applications (such as maintaining the 
structure of dietary fiber material) , and improving paper 
and pulp technologies. 

The present invention will be described in 
details in the following description of a preferred 
embodiment without limiting the scope of the present 
invention . 

Detailed description of the invention 

During the course of their work dealing with 
the structure of arabinoxylans in Belgian white beers and 
in intermediates in the production process, the inventors 
unexpectedly found indications for inhibition of the 
xylanolytic barley malt system by wheat water extractables . 
This has not been reported before, although it has clearly 
been established that endogenous and exogenous ct-amylase 
(Deponte, R. , Parlamenti, T., Petrucci, V., Silano, V. , & 
Tomasi, M., Cereal Chemistry, 1976, 53, 805; Buonocore, V. , 
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Petrucci, T., & Silano, V., Phytochemistry, 1977, 16 # 811; 
Mundy, J., Hejgaard, J. , & Svendsen, I., Federation of 
Societies, 1984, 167, 210; Silano, V. a-Amylase inhibitors. 
In: Enzymes and their Role in Cereal Technology, J.E. 
5 Kruger, D. Lineback and C.E. Stauffer, (Eds) . Am. Assoc. 
Cereal Chem. , St. Paul (MN) , 1987, 141) and protease (Birk, 
Y., Methods Enzymology, 1976, 45, 723; Lawszkowski, M . , & 
Kato, I., Annual Review of Biochemistry, 1980, 49, 593) 
inhibitors are present in cereal grains. 

10 Indeed, when one measured the solubilization 

of arabinoxylans during brewing with barley malt and 
unmalted wheat, with the objectives (1) to relate enzymic 
activities of the starting materials with the arabinoxylan 
contents of corresponding worts, and (2) to investigate in 

15 which way wheat interferes with the solubilization of 
arabinoxylans during brewing, there was evidence for the 
presence of xylanase inhibitors in wheat. This was indeed 
observed when one compared the solubilization of 
arabinoxylans and the release of free xylose (Xyl) in wort 

20 prepared with 60% malt and 40% wheat with that in a 100% 
malt wort . 

Under certain experimental conditions, the 
addition to the wort of a xylanase of microbial origin 
clearly improved arabinoxylan solubilization during wort 
2 5 preparation. 

Examples 

Materials 

p-D-Allose, p-nitro-phenyl-p-D-xylopyranoside 
30 and Trizma base (reagent grade, tris [hydroxymethyl]amino- 
methane) were obtained from Sigma, St-Louis, MO, USA. 
Azurine-crosslinked (AZCL) wheat arabinoxylan (Xylazyme 
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arabinoxylan tablets) , AZCL and Xylanase M4 from 

Aspergillus niger was from Megazyme, Bray, Ireland. 
Microbial xylanases from the micro-organisms Bacillus 
substilis, Trichoderma viride and Aspergillus niger were 
5 obtained from NV Puratos, Groot-Bi jgaarden, Belgium. Buffer 
A was: 0.02 5 M sodium acetate, pH 4.7; Buffer B was: 0.025 
M sodium maleate, pH 6.0; Buffer C was: 0.025 M sodium 
phosphate pH 6.0; Buffer D was: 0.250 mM sodium acetate pH 
5.0; Buffer E was: 0.025 M sodium acetate pH 5.0. 

10 Barley malt samples were supplied by Cargill 

Malt Division, Herent (Belgium) . The inventors used a two- 
rowed winter barley variety (Clarine) with a low 
endoxylanase activity and low water-extractable Xyl 
content, and two malts from a six-rowed winter barley 

15 variety Plaisant, with a high water-extractable Xyl 
content. Plaisant malt samples 1 and 2 had high and low 
endoxylanase activities respectively. Wheat samples were 
from Amylum, Aalst (Belgium) and SAPSA SES SA, Jodoigne 
(Belgium) . The inventors used Skirlou and Soissons with 

20 high and low water-extractable Xyl contents, respectively. 
Rye flour was from a mixture of Dutch rye varieties 
supplied by Meneba, Rotterdam (The Netherlands) . Barley 
from the variety Clarine was supplied by Cargill, Malt 
Division, Herent (Belgium) . Clarine barley, Plaisant 1 and 

25 Plaisant 2 barley malts, Skirlou and Soissons wheat 
wholemeals were prepared either with the Tecator sample 
mill (Hoganas, Sweden) or for the brewing experiments with 
an EBC-approved laboratory mill (Analytica-EBC, Fourth 
edition, Brauerei- und Getranke- Rundschau, Zurich, 1987) . 

3 0 Soissons wheat flour was produced with a Buhler MLU-2 02 
laboratory mill (Buhler, Uzwil, Switzerland, extraction 
yield 70%) . 
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Extracts 
BMWM1 and WWM 

Samples (3.00 g) of ground barley malt and 
5 wheat were suspended in buffer A (10.0 mL) . After 15 min of 
vigorous shaking at room temperature, the suspensions were 
centrifuged (3,000 g, 15 min, 20°C) . The resulting 
wholemeal extracts are referred to as BMWM1 (barley malt 
wholemeal extract 1) and WWM (wheat wholemeal extract) . 

10 WF, RF, and BWM 

Samples of the appropriate flour or wholemeal 
(2.50 g) were suspended in buffer B (10.0 mL) . After 15 min 
of vigorous shaking at room temperature, the suspensions 
were centrifuged (10,000 g, 15 min, 20°C) and the 

15 supernatants were filtered (0.45 yi) . The resulting 

wholemeal extracts are referred to as WF (wheat flour 
extract) , RF (rye flour extract) , and BWM (barley wholemeal 
extract) . 
BMWM2 

20 Samples (5.00 g) of ground barley malt were 

suspended in buffer B (10.0 mL) . After 15 min of vigorous 
shaking at room temperature, the suspensions were 
centrifuged (10,000 g, 15 min, 20°C) and the supernatants 
were filtered (0.45 |i) . The resulting wholemeal extracts 

25 are referred to as BMWM2 (barley malt wholemeal extract 2) . 

Methods 

Determination of Xyl content 

Extraction and hydrolysis procedures were as 
30 described by Cleemput et al (Cleemput, G. , Roels, S.P., van 
Oort ; M.. Grobet P.J. & Delccur, J. A. , Cereal Chemistry, 
1993, 70, 324), with heating (130°C) of samples of whole 
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meal (wheat and barley malt) for 5 hours to eliminate 
enzyme activity prior to extraction. Worts were analysed in 
the same way as the water-extracts of the whole meal 
flours. Free Xyl was determined by omitting the hydrolysis 
5 step prior to alditol acetate preparation. Alditol acetate 
samples (1/xl) (Englyst, H.N. & Cummings J.H., Analyst, 
1984, 109, 937) were separated at 225°C on a Supelco SP- 
2380 column (30 m, 0.32 mm ID, 0.2 /an film thickness) and 
detected with a flame ionisation detector in a Chrompack 

10 9 011 Chromatograph (Middelburg, The Netherlands) . Injection 
and detection temperatures were 275°C. (3-D-Allose was used 
as internal standard. The arabinose (Ara) measured 
originated from both arabinoxylan and arabinogalactan 
making it impossible to calculate arabinoxylan levels as 

15 0.88 x (Ara + Xyl) (Cleemput, G. , van Oort, M. , Hessing, 
M., Bergmans, M.E.F., Gruppen, H., Grobet, P.J., Delcour, 
J. A., Journal of Cereal Science, 1995, 22, 73-84). 
Moreover, as in water-extracts of wheat wholemeal a 
substantial part of the galactose (Gal) does not stem from 

2 0 arabinogalactan, correction of Ara figures for 
arabinogalactan by assuming that the Gal /Ara ratio in 
arabinogalactan is 1.5 as known for wheat flours 
(Izydorczyk, M. , Biliaderis, C.G. & Bushuk, W., Cereal 
Chemistry, 1991, 68, 139-144) was equally impossible. In 

2 5 what follows, therefore, the Xyl figures are used as a 

relative measure for arabinoxylans levels. In a similar 
way, the increase in Xyl levels during brewing is 
indicative of arabinoxylan solubilization during brewing. 

3 0 Measurement of endoxylanase (EC 3.2.1.8) activity and 

inhibition thereof 

Extracts (1.0 mL) BMWM1 and WWM (cfr. supra) 
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were incubated for 5 min at 50°C / before adding an AZCL- 
xylan tablet (Megazyme) . The incubation was then continued 
for 60 min at 50 °C. The reaction was terminated by adding 
1% (w/v) Trizma base (10.0 mL) and vigorous vortex 
stirring. After 5 min at room temperature, the tubes were 
shaken vigorously and the contents filtered through a 
Whatman N°l filter. The absorbance was measured at 590 nm 
against a control, which was prepared by incubating the 
extract without the substrate tablet for 60 min at 50 °C. 
The substrate tablet was added after adding 1% (w/v) Trizma 
base to the extract. The activity was expressed as the 
difference in the absorbance at 590 nm between the sample 
and control and expressed per gram dry malt (AA S90 /g) . 

The endoxylanase activity of 0.6 mL BMWM1 
(cfr. supra) and 0.4 mL buffer A was compared with the 
activity of 0 . 6 mL BMWM1 to which 0.4 mL WWM was added. In 
some cases, the WWM was boiled for 30 min and centrifuged 
(3,000 g, 15 min, 20°C) prior to addition. 

In the evaluation of the inhibition of 
microbial enzymes by extracts from different cereals the 
following procedure was used. Extracts (WF, RF, and BWM) or 
boiled (30 min, 100°C) and centrifuged (10,000 g, 15 min, 
20°C) extracts (250 /xL) were preincubated for 30 min at 
room temperature with 250 jzL of appropriately diluted 
microbial xylanase solution, the xylazyme tablet was added 
and the mixture was incubated for 6 0 min at 50 °C. The 
remainder of the procedure was as described above with 
addition of 5.0 mL 2% (w/v) Trizma base instead of 10.0 mL 
1% (w/v) to terminate the reaction. 
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Measurement of $-glucanase (EC: 3.2.3.73) activity and 
inhibi tion thereof 

Extracts (WF, RF, and BWM) or boiled (30 min, 
5 100°C) and centrifuged (10,000 g, 15 min, 20°C) extracts 
(450 ptL) were preincubated for 30 min at room temperature 
with 50 /xL of BMWM2, the p-glucazyme tablet was added and 
the mixture was incubated for 60 min at 40°C. The remainder 
of the procedure was as described above with addition of 
10 5.0 mL 2% (w/v) Trizma base instead of 10.0 mL 1% (w/v) to 
terminate the reaction. 



Brewing 

Worts were prepared in duplicate according to 
15 the EBC method (Analyt ica-EBC, Fourth edition, Brauerei- 
und Getranke- Rundschau, Zurich, 1987) . For the 100% barley 
malt worts, 50.0 g barley malt was used and for the worts 
with 40% wheat, 3 0.0 g barley malt and 2 0.0 g wheat. Worts 
were centrifuged for 15 min at 2,000 x g (room 

2 0 temperature) . The spent grains were washed (150 mL) and the 

washings were added to the worts. 

The Bacillus subtilis endoxylanase was added 
to the water (46°C) before mixing with 60% Clarine malt and 
40% Soissons or Skirlou wheat. The level of endoxylanase 
25 added to worts (0.867 AA S90 /g) was equal to that needed to 
increase the endoxylanase activity of Clarine malt (0.750 
AA 590 /g) to the level in Plaisant 1 malt (1.617 AA 590 /g) . 

All analyses described above were carried out 
at least in duplicate and the mean values are presented. 

3 0 The experimental error (E.E.) was calculated from the 

difference (in %) between the individual and the mean 
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values . 

SDS-Polyacryl amide gel electrophoresis and iso- 
electro focusing 

5 The molecular weight of the purified 

inhibitor was determined by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) on 20% polyacrylamide gels 
under non-reducing conditions with the PhastSystem unit 
(Pharmacia, Uppsala, Sweden) , according to the method of 

10 Laemmli, U.K. (Nature, 1970, 227, 680-685) . The gels were 
silver stained according to the instructions of the 
manufacturer (Pharmacia, Development Technique file N° 
210) . Low molecular weight markers were a-lactalbumin 
(14,400 Da); trypsin inhibitor (20,100 Da); carbonic 

15 anhydrase (30,000 Da); ovalbumin (43,000 Da); albumin 
(67,000 Da); phosphorylase b (94,000 Da). The iso-electric 
point of the inhibitor was determined with the PhastSystem 
unit using polyacrylamide gels containing ampholytes (pH 3- 
9) and with appropriate standards (Pharmacia calibration 

20 kits, pi 3.5 - 9.3). The proteins were silver stained (cfr. 
supra) . 

N- terminal amino acid sequencing of proteins . 

The sequences of the N- terminal amino acids 
25 of the purified inhibitor was determined with an Applied 
Biosystems model 477 A gas-phase sequencer, connected on 
line with an 12 0 A PTH analyser (Perkin Elmer, Belgium) . 

Evidence for the presence of enflQxylfrr^se inhibitors — in 

30 wheat 

Barley malt and wheat Xyl levels and 
arabinoxylan hydrolysing activities are listed in Table I. 
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Xyl levels in the 100% malt worts (Table II) varied from 
0.41 to 0.62% (all analytical data expressed as percentage 
of dry matter) . The Xyl levels in the worts with 40% wheat 
varied from 0.35 to 0.61% (Table III). 

In the worts with 4 0% wheat, the inventors 
used 60% barley malt. Comparison of the increase in Xyl 
during brewing using 60% malt with 60% of the Xyl increase 
using 100% barley malt showed a reduction of 12 to 58% 
(Tables II and III) . This suggested that the endoxylanases 
from barley malt were inhibited in the presence of wheat or 
that the wheat arabinoxylans are a leas suitable substrate 
for malt endoxylanases. Malting breaks down barley cell 
walls and renders them more accessible for enzymes (Selvig, 
A., Sc Aarnes, H. , Journal of the Institute of Brewing, 
1986, 92, 185) . 

Free Xyl levels in wort 

The levels of free Xyl in 100% malt worts 
varied from 0.046 to 0.076% and in the worts with 40% wheat 
from 0.025 to 0.040% (Table IV). The difference between the 
levels of the released free Xyl was 0.032 to 0.044% for the 
100% malt worts and 0.015 to 0.020% for the worts with 40% 
wheat. The reduction in free Xyl release compared with 60% 
of the free Xyl release with the 100% barley malt wort 
varied from 1 to 32% (Tables II and IV) . The use of the 
Bacillus subtilis endoxylanase did not result in an 
increase of free Xyl. The free Ara levels did also not 
increase. The endoxylanase, therefore, had no side (3-D- 
xylosidase and a-L-arabinof uranosidase activities. 

The reduction of the endoxylanase induced 
increase in Xyl or arabinoxylan solubilization as a result 
of the use of wheat in conjunction with barley malt was 
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more obvious than the reduction of the release of free Xyl . 
For this reason one focused on the inhibition of the barley 
malt endoxylanases by a wheat component. 

5 Malt xylanolytic system inhibition by wheat extracts 

In Figure 1 the reduction of the endoxylanase 
activity of BMWM1, when WWM instead of buffer A was added, 
is given. The reduction of endoxylanase activity varied 
from 26 to 58 %. The reduction of endoxylanase activity of 

10 barley malt wholemeal extracts (BMWM1) was obtained by 
addition of wheat wholemeal extracts (WWM) instead of 
buffer. The figure 1 represents the results obtained with 
unboiled (□) and boiled extracts (■) . (a) Clarine malt 
♦Soissons wheat, (b) Clarine malt + Skirlou wheat, (c) 

15 Plaisant 1 malt + Soissons wheat, (d) Plaisant 1 malt + 
Skirlou wheat, (e) Plaisant 2 malt + Soissons wheat, (f) 
Plaisant 2 malt + Skirlou wheat. 

A higher reduction was observed in case of 
cv. Skirlou than with cv. Soissons. This was in line with 

20 the higher reduction of Xyl increase during brewing with 
cv. Skirlou than with cv. Soissons (see Table III) . The 
higher water extractable Xyl content of cv. Skirlou than 
for cv. Soissons implied that the lower susceptibility of 
the wheat substrate during brewing may cause the reduced 

25 solubilization. When boiling WWM, almost all of the 
inhibition disappeared. The inhibitor seemed to be 
thermolabile and the inventors concluded that it therefore 
may be of proteic nature. However, it was considered 
unlikely that one dealt with a protease as the protease 

3 0 activity from the malt is many times higher than the 
protease activity of wheat. The major part of the reduced 
activity was apparently not caused by the wheat 



arabinoxylans because the thermal treatment did not change 
the arabinoxylan concentration of the wheat extract. 
Whether the wheat inhibitor was active against the 
endogenous barley malt endoxylanases or exogenous 
5 endoxylanases was unclear. 

ttrewina with Bacillus subt XXXs xylanaSS; a — solution — 

poor arabinoxvian solubilisation — in barley malt — z — wheat 
wholemeal b rewing 

10 The Bacillus subtilis endoxylanase, one of 

the microbial enzymes that was relatively little inhibited 
under the experimental conditions of Figure 2, increased 
the Xyl levels present in wort. In comparison with the same 
worts made without endoxylanase addition, 94% more Xyl 

15 solubilization using cv. Soissons as wheat adjunct and 179% 
more Xyl solubilization using cv. Skirlou as wheat adjunct 
was obtained. The Bacillus subtilis endoxylanase apparently 
solubilizes more arabinoxylan from the wheat variety 
Skirlou than from the wheat variety Soissons (Table IV) . 

20 

Purification of xvlanase inhibitor from wheat £lQVX 

Soissons wheat flour (2.0 kg) was suspended 
in 10.0 L 0.1% (w/v) ascorbic acid. The suspension was 
mixed overnight at 7°C and centrifuged (7°C, 10,000 g, 30 

25 min) . To the supernatant 2.0 g/1 CaCl 2 was added and the pH 
was raised to 9.0 by addition of 2.0 M NaOH. The extract 
was left overnight at 7°C and centrifuged (7°C, 10,000 g, 
30 min) . The pH of the extract was adjusted to 5.0 with 2.0 
M HC1 and the extract was pumped over a cation exchanger 

30 (SP Sepharose Fast Flow, 50 x 50 mm, Pharmacia) . The column 
was equilibrated with buffer C (200 mL) and a protein 
fraction was eluted with 200 mL 0.5 M NaCl . This eluate was 
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diluted 5 times, the pH adjusted to 5.0 as above and 
cations were exchanged (SP Sepharose Fast Flow, 26 x 100 
mm, Pharmacia) . The column was equilibrated with buffer C 
(200 mL) and after a linear salt gradient from 0 to 0.5 M 
5 NaCl (800 mL) , fractions of 10 mL were, after desalting (PD 
10 column, Pharmacia) , assayed for endoxylanase inhibition 
using the cited xylazyme method with eluate instead of 
cereal extract and appropriately diluted Xylanase M4 from 
Aspergillus niger. The fractions with inhibition activity 

10 were collected, dialyzed against dionised water (7°C, 
overnight) and lyophilised. The lyophilised material was 
dissolved in buffer D (6.0 mL) and separated on a Sephacryl 
S100 column (26 x 670 mm, Pharmacia) eluted with the same 
buffer. Fractions of 2.5 mL were collected and assayed for 

15 inhibitor activity. The active fractions were collected, 
dialyzed as above and lyophilised. The lyophilised material 
was dissolved in buffer E (6 mL) and cation exchanged (Mono 
S HR 5/5, Pharmacia) with the same buffer. Fractions 
eluted in a salt gradient (0 to 0.5 M NaCl) were collected 

20 and assayed for xylanase inhibition as above. In this way, 
we obtained a fraction (1 mL) of the inhibitor which 
migrated as a single protein band on SDS-PAGE. It had an 
apparent molecular weight of ca. 4 0 kDa - 43 kDa. 

25 N- terminal amino acid sequencing of endoxylanase inhibitor 

The N- terminal amino acid sequence (SEQ ID 
No . 01) was : Lys-Gly-Leu-Pro-Val-Leu-Ala-Pro-Val-Thr-Lys- 
Xaa-Thr-Ala wherein Xaa being preferably Asp. This sequence 
has not been reported before. 
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inhibition of different microbial endQixylanases b¥ 

pnHnxylanasfi inhib i tors from wheat and Other Cereals 
5 In Figure 2 the inhibition of different 

microbial xylanases in the presence of WF, RF, and BWM is 
shown. The reduction of the xylanase activity (%) when a 
cereal extract was added instead of the same extract boiled 
for 30 min is given. Under the experimental conditions, the 

10 highest reduction was found for the mixture of three 
xylanases from Trichoderma reesei (82 to 94%) the lowest 
for the xylanases from Bacillus subtilis (24 to 3 9%) . 

The reduction of microbial endoxylanase 
activity was obtained by addition of cereal extracts (WF, 

15 RF, and BWM) instead of boiled cereal extracts. The figure 
2 represents the results obtained with wheat flour (■) , 
rye flour (□) and barley whole meal (■) . Microbial 
xylanases: (a) Mixture of three xylanases from Trichoderma 
reesei, (b) Xylanase M4 from Aspergillus niger, (c) 

20 Xylanase from Bacillus subtilis, (d) Mixture of three 
xylanases from Bacillus subtilis, (e) Xylanase from 
Aspergillus niger, (f) Mixture of five xylanases from 
Aspergillus niger, (g) Mixture of five xylanases from 
Aspergillus niger . 



25 



30 



Inhibition of harlev malt B -cr l ucan ase bv i nhibitors from 
wheat a nd other cereals 

In Figure 3 the inhibition of malt p- 
glucanase in the presence of WF, RF, and BWM is shown. The 
reduction of the p-glucanase activity (%) when a cereal 
extract was added instead of the same extract boiled for 3 0 



20 

min is given. The reduction varied from 7 to 12%. 

The reduction of p-glucanase activity of 
barley malt extracts (BMWM2) was obtained by addition of 
cereal extracts (WF, RF, BWM) instead of boiled cereal 
5 extracts. The figure 3 represents the results obtained 
with wheat flour (a) , rye flour (b) and barley whole meal 
(c) . 
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1. Inhibitor of xylanolytic and/or 
glucanolytic enzymes . 
5 2. Inhibitor as in claim 1, characterised in 

that said inhibitor inhibits endoxylanase, [5-glucanase, P- 
xylosidase, a-L-arabinof uranosidase and/or other xylan, 
arabinoxylan or (3-glucan degrading enzymes. 

3. Inhibitor as in claim 1 or 2, 
10 characterised in that it is obtained from plant material or 

fractions thereof. 

4. Inhibitor as in claim 3, characterised in 
that said plant material is chosen from the group 
consisting of cereals, cereal grains or cereal flours from 

15 wheat, durum wheat, rye, triticale, barley, sorghum, oats, 
maize or rice. 

5. Inhibitor as in claim 1 or 2, 
characterised in that it is obtained from micro-organisms 
or fractions thereof. 

20 6. Inhibitor as in any of the claims 1-5, 

characterised in that it is a xylanase inhibitor. 

7. Inhibitor as in claim 6, characterised in 
that it is a protein or a glycoprotein. 

8. Inhibitor as in claim 7, characterised in 
25 that it is water-soluble and/or is an alkaline species. 

9. Inhibitor as in claim 7 or 8 having a 
marker which amino acid sequence has more than 70% homology 
with SEQ ID No. 1. 

10. Inhibitor as in claim 9, characterised in 
3 0 that the marker which is the N- terminal amino acid sequence 

of the protein or glycoprotein. 
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11. Inhibitor as in claim 7 or 8 having a 
marker for which amino acid sequence has more than 85% 
homology with SEQ ID No. 1. 

12 . Inhibitor as in claim 11, characterised 
in that the marker is the N- terminal amino acid sequence of 
the protein or glycoprotein. 

13 . Inhibitor as in claim 7 or 8, having a 
marker which amino acid sequence is identical to SEQ ID No. 
1. 

14 * Inhibitor as in claim 13, characterised 
in that the marker is the N- terminal amino acid sequence of 
the protein or glycoprotein. 

15. Inhibitor as in any of the claims 7 to 

14, characterised in that the molecular weight of said 
protein or glycoprotein is typically between 40 kDa and 43 
kDa. 

16 • Inhibitor as in any of the claims 7 to 

15, characterised in that said protein or glycoprotein 
typically has a pi of greater than about 7. 

17, Method for obtaining the inhibitor as in 
any of the claims 1 to 16 from possibly genetically 
modified micro-organisms, plants or plant materials, 
wherein said micro-organisms, plants or plant materials are 
subjected to one or more extraction and/or fractionation 
steps . 

18* Method for obtaining the inhibitor 
according to any of the claims 1 to 16, wherein micro- 
organisms, plants or plant materials are genetically 
modified by the introduction of a genetic material encoding 
said inhibitor into the micro-organisms, plants or plant 
materials . 
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19. Process for transforming micro-organisms, 
plants or plant materials, wherein the activity of the 
inhibitor according to any of the claims 1 to 16 is 
reduced. 

5 20. Process according to claim 19, 

characterised in that the reduced activity of the inhibitor 
according to the invention is obtained by reduction of its 
expression. 

21. Process according to claim 19 or 20, 
10 characterised in that the activity of the inhibitor is 

reduced by blocking the inhibitor function. 

22. Process for transforming micro-organisms, 
plants or plant materials, wherein the activity of the 
inhibitor according to any of the claims 1 to 16 is 

15 increased. 

23. Process according to claim 22, 
characterised in that increased activity of the inhibitor 
according to the invention is obtained by an increase of 
its expression. 

20 24. Process according to claim 22 or 23, 

characterised in that the activity of the inhibitor is 
increased by activating the inhibitor function. 

25. Micro-organisms, plants or plant 
materials obtained by the method according to any of the 

25 preceding claims 18 to 24-. 

26. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 
claim 17, the micro-organisms, the plants and/or the plant 
materials according to claim 25 for improving the malting 

3 0 of cereals such as barley, sorghum and wheat and/or the 
production of beer. 
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27. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 
claim 17, the micro-organisms, the plants or the plant 
materials according to claim 25 for improving the 
production and/or quality of baked or extruded cereal 
products chosen among the group consisting of straight 
dough, sponge dough, Chorleywood bread, breakfast cereals, 
biscuits, pasta and noodles. 

28. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 
claim 17, the micro-organisms, the plants or the plant 
materials according to claim 25 for improving animal 
feedstuff efficiency. 

29. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 
claim 17, the micro-organisms, the plants or the plant 
materials according to claim 25 for improving the 
production of starch derived syrups, sorbitol, xylose 
and/or xylitol. 

30. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 
claim 17, the micro-organisms, the plants or the plant 
materials according to claim 25 for wheat gluten-starch 
separation and production. 

31. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 
claim 17, the micro-organisms, the plants or the plant 
materials according to claim 25 for improving maize 
processing . 

32. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 
claim 17, the micro-organisms, the plants or the plant 
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materials according to claim 25 for improving plant disease 
resistance . 

33. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 

5 claim 17, the micro-organisms, the plants or the plant 
materials according to claim 25 for improving nutraceutical 
and/or pharmaceutical applications. 

34. Use of the inhibitor according to any of 
the preceding claims 1 to 16 or obtained by the method of 

10 claim 17, the micro-organisms, the plants or the plant 
materials according to claim 2 5 for improving paper and 
pulp technologies . 
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(i) APPLICANT: 

(A) NAME: K.U. LEUVEN RESEARCH AND DEVELOPMENT 

(B) STREET: GROOT BEGIJNHOF 59 

(C) CITY: LEUVEN 

(E) COUNTRY: BELGIUM 

(F) POSTAL CODE (ZIP): 3000 

(ii) TITLE OF INVENTION: INHIBITORS OF XYLANOLYTIC AND 

BETA-GLUCANOLYTIC ENZYMES 

(iii) NUMBER OF SEQUENCES: 1 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Lys Gly Leu Pro Val Leu Ala Pro Val Thr Lys Xaa Thr Ala 
1 5 10 
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Abstract 



INHIBITORS OF XYLANOLYTIC AND p-GLUCANOLYTIC ENZYMES 



10 The present invention concerns an inhibitor 

of xylanolytic and/or p-glucanolytic .^enzymes, method for 
obtaining the inhibitor said inhibitor and processes for 
obtaining micro-organism, plant or plant material wherein 
the activity of the inhibitor according to the invention is 

15 increased or reduced and to the use of the inhibitor, the 
cited micro-organism, plant or plant material in a variety 
of processes and applications. 
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